SUMMARY AT A GLANCE
The accumulation of indoxyl sulphate, a gut-derived uremic toxin which is notorious for its pro-inflammatory feature, in CKD patients is exaggerated by the dietary restriction on vegetables, fruits, and yogurt, which leads to the predominance of indole-producing intestinal microbial flora. Thus in order to establish gut symbiosis in CKD patients, it's important to achieve sufficient intake of dietary fiber by proper vegetable pretreatment and accurate fruit selection, instead of directly avoiding these potassium-rich yet fiber-rich and baseproducing foods.
ABSTRACT:
Emerging evidence suggests that intestinal dysbiosis plays an important role in host inflammation locally and systemically. Such pathological condition is even more prevailing in patients with chronic kidney disease (CKD). Of note, indoxyl sulphate (IS), a gut-derived uremic toxin, is notorious for its pro-inflammatory feature in CKD patients. IS accumulates in the body as the urinary excretion of uremic toxins is impaired, and further worsens the kidney function in a vicious cycle to CKD. Dietary restriction in vegetables, fruits and yogurt leads to the predominance of indole-producing intestinal microbial flora and further exaggerates the accumulation of IS in CKD patients. Recently, interventional studies have shown that circulating IS can be reduced by dietary prebiotic and/or probiotic supplements. However, further randomized controlled trials are warranted to examine whether such beneficial effect of dietary prebiotic/probiotic supplements could be extrapolated to better hard outcomes in CKD population. In this review, we would also like to emphasize the importance of achieving sufficient intake of dietary fibre by proper vegetable pre-treatment and accurate fruit selection, instead of directly avoiding these potassium-rich yet fibre-rich and base-producing foods.
The prevalence of chronic kidney disease (CKD) is increasing year by year globally due to the habit change of diet and lifestyle. CKD affects 11.9% of adults in Taiwan, 1 in which the incidence and prevalence rate of treated end-stage renal disease (ESRD) is the highest worldwide. 2 CKD patients are instructed to consume less potassium-rich fruit and vegetables and less phosphorus-rich yogurt to avoid hyperkalaemia and hyperphosphatemia, leading to little presence of dietary fibres and probiotics in their gut lumen. 3, 4 This change of food intake characteristics in CKD patients could contribute to profound alterations of intestinal microbial composition, [5] [6] [7] namely dysbiosis, which further causes local and systemic inflammation that play important roles in the pathogenesis and progression of CKD. 8, 9 Chronic kidney disease-associated alterations of intestinal microbial communities are characterized by the prevailing bacteria that possess urease, uricase and indole and p-cresol forming enzymes, whereas bacterial families possessing short-chain fatty acid (SCFA)-forming enzymes are depleted. 5, 6 Of note, indole, the precursor of a notorious pro-inflammatory uremic toxin, is produced by gut bacteria through proteolysis of tryptophan yielded from dietary animal proteins. 10, 11 Indole is then absorbed by gut villi and enters portal venous system followed by hepatic sulphation. 12, 13 Indoxyl sulphate (IS) is a protein-bound uremic toxin, whose excretion is reduced in CKD patients. [14] [15] [16] We previously reported that this gut bacteria-derived substance is a potent nephrovascular toxin in CKD patients. [17] [18] [19] [20] Impact of gut microbiome and its derived inflammatory reaction on human health is an emerging research field. Limited but convincing evidence suggests that restoration of symbiosis by dietary prebiotic and/or probiotic supplements may reduce inflammatory parameters and improve clinical outcomes in the CKD population [21] [22] [23] [24] [25] ; however, further randomized controlled trials are warranted to examine whether such beneficial effects could be extrapolated to have better hard outcomes.
In CKD patient care, clinicians often focus on medication prescription but sometimes overlook the importance of dietary management on blood pressure, blood sugar, blood lipid or even blood uremic toxins. This notion reflects one of most famous quotes of Hippocrates, father of modern medicine, 'Let food be thy medicine, and medicine be thy food'. In this article, we review and reappraise the value of dietary management as well as its link to gut microbiome and uremic toxin production in CKD patients. Furthermore, we would also like to emphasize that dietary management requires an interdisciplinary care along with the dietitians. 26 
PREBIOTICS, PROBIOTICS AND ANTIBIOTICS
Prebiotics refer to dietary fibre and fructo-oligosaccharides, which are food and fuel for the beneficial microorganisms in human gut. These beneficial bacteria in gut are named as probiotics, mostly Bifidobacteria spp. and Lactobacilli spp. Prebiotics promote the growth and proliferation of probiotics, and they work synergistically to keep human gut in symbiosis. 27 Evidence also suggests that probiotics are associated with host immune response and inflammatory state. [28] [29] [30] However, patients with advanced CKD are instructed to consume a dietary pattern with a low fibre content, 3, 4, 7 leading to a significant alternation of intestinal microbiota followed by systemic inflammation. 7, 31 An observational study of NHANES III data has shown that high dietary fibre ingestion is associated with reduced inflammation as well as decreased all-cause mortality in CKD patients. 32 Furthermore, small-scale interventional studies have shown that in haemodialysis patients, serum levels of IS or p-cresol sulphate, the notorious gut-derived uremic toxin with proinflammatory features, may be reduced by either prebiotics, 24 probiotics [21] [22] [23] or combination (synbiotics). 25 On the other hand, in order to maintain symbiosis of gut microbiome, one should not only ingest healthy food but also avoid antibiotic abuse. In the past, the major concern of antibiotic overuse is the emergence of drug-resistant strains, but nowadays more and more evidence suggests that the eradication of healthy gut flora by antibiotics is detrimental to human health perhaps on a long-term basis. 33 
MEDITERRANEAN DIET VERSUS WESTERN DIET
Once the ingested foods enter intestines, they are not only digested by exocrine system but also metabolized by gut microbiomes. 34 As summarized in Table 1 , Mediterranean diet highlights vegetables, fruits, whole wheat, nuts, yogurts and olive oil, which contains mono-unsaturated fatty acids. In addition, Mediterranean diet put emphasis on fish and red wine due to their anti-oxidant effect, and reduces red meat ingestion. 35, 36 Mediterranean diet is rich in dietary fibre and fructo-oligosaccharides, that is the prebiotics, which are consumed by the healthy gut microbial flora. These beneficial microorganisms, that is the probiotics, produce SCFA via saccharolysis, a process of fermentation, and create an environment of microbial symbiosis in human gut 36 (Table 2 ). In contrast to Mediterranean diet, Western diet lacks dietary fibre and is characterized by red meat, animal fat, sweetened food and salts instead, which might result in gut microbiome dysbiosis. 37 
UREA, A UREMIC TOXIN METABOLIZED FROM DIETARY PROTEIN
Urea, a small molecule uremic toxin, is metabolized from dietary protein. Pre-ESRD patients are told to avoid highprotein diet to reduce the accumulation of urea and kidneys' burden. In general, the recommended daily protein intake is 0.8 g/kg of bodyweight to reduce blood-urea accumulation 
INDOXYL SULPHATE, A UREMIC TOXIN ORIGINATED FROM HUMAN GUT
The consequence of increased dietary intake of animal protein includes not only urea accumulation but also gut microbiome alteration of the host. The detrimental gut microorganisms prefer animal protein and fat, which are the main contents of Western diet. Of note, the amino acid tryptophan is consumed by the gut microbial flora, which produces indole through proteolysis, a process of putrefaction. Indole is then absorbed via gut villi and enters the portal system of liver, where it is sulphated and metabolized into IS. Indoxyl sulphate is a protein-bound small molecule uremic toxin and is harmful for various cells, particularly vascular endothelial cells. [17] [18] [19] [20] In CKD patients, the excretion of IS is impaired, and it is thus accumulated in the body and leads to a vicious cycle. 39 Nevertheless, most colon-derived uremic toxins remain unidentified, 40 which deserves more investigations in the future. Therefore, we could realize that such bacteria-produced uremic toxin may be reduced through diet modification from the Western style to the Mediterranean one. Actually, it has been reported that the dietary ratio of protein to fibre is positively correlated with serum IS and p-cresol sulphate levels in both healthy and non-dialysis CKD populations. 41, 42 Unfortunately, vegetables, fruits, nuts and yogurt emphasized in Mediterranean diet are enriched with potassium and phosphorus, which were instructed to be restricted in patients with advanced CKD or ESRD.
THE EXPENSE OF DIETARY POTASSIUM RESTRICTION IN CKD PATIENTS
Patients with advanced CKD often suffer from hyperkalaemia and are treated with polystyrene sulphonate, which increases the likelihood of constipation and adds physical and psychological burdens to the therapy regimes. On the other hand, through correcting acidaemia by using sodium bicarbonate, CKD patients may also be benefited from hyperkalaemia alleviation. In order to minimize the use of potassium-lowering agents, CKD patients are often taught to reduce intake of vegetables and fruits. Such fibre-restricted diet creates an intestinal environment which is unfriendly for beneficial microbial flora with subsequent local and systemic inflammation. Therefore, instead of directly avoiding potassium-rich foods, vegetables should be pre-treated by boiling in water before ingestion, and fruits should be properly selected to ensure sufficient dietary fibre intake in patients with advanced CKD.
THE EXPENSE OF DIETARY PHOSPHORUS RESTRICTION IN CKD PATIENTS
As renal function declines, the urinary excretion of phosphorus is reduced, followed by hyperphosphatemia and subsequent secondary hyperparathyroidism. CKD patients with poor phosphorus control are at high risks for impaired bone mineralization and ectopic calcifications of soft tissues. Grains, nuts and yogurt, which are key elements of Mediterranean diet, also contain plenty of organic phosphorus. Therefore, adherence of a phosphorus restricted diet may keep CKD patients away from foods containing probiotics such as yogurt. 4, 7 Fortunately, limited but supportive evidence suggests that probiotic dietary supplements reduce the serum level of IS in ESRD patients.
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THE EXPENSE OF BASE-PRODUCING FOOD RESTRICTION IN CKD PATIENTS
Body acid overload not only fastens renal function deterioration but also results in musculoskeletal complications, including sarcopenia and osteopenia, leading to malnutrition, frailty, fracture or even long-term bedridden status.
43 Table 2 Characteristics of potassium-and phosphorus-rich foods in Mediterranean diet Table 3 , foods are characterized by their acid-or base-producing capability. 44 Ingestion of base-producing foods, such as vegetables, fruits and yogurt, may be of help to compensate acidaemia, but as aforementioned, these foods are usually also enriched with potassium or phosphorus and are therefore restricted in patients with advanced CKD.
CONCLUSIONS
Chronic kidney disease patients are at risks for gut dysbiosis, partly results from dietary restrictions of potassium and/or phosphorus. The reduction in consumption of prebiotics (vegetables and/or fruits) or probiotics (yogurt) turns gut microbiome towards a pro-putrefaction flora, and thus increases the production of precursors of protein-bound uremic toxins in human gut. Therefore, to ensure sufficient dietary fibre intake, CKD patients should properly select fruits and pre-treat vegetables before ingestion, instead of directly avoiding these potassium-rich yet fibre-rich and baseproducing foods. In addition, prebiotic and/or probiotic supplements without containing potassium and phosphorus might be an alternative option to restore gut microbial symbiosis as well as constipation relief. However, further randomized controlled trials are warranted to examine whether such beneficial effect of dietary prebiotic/probiotic supplements could have better hard outcomes in CKD population, and thus might develop a new dietary strategy to improve CKD patient health in the future.
